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TITLE: BLOOD FLOW ANALYSIS SYSTEM 

; Field of the Invention 

The present invention relates to the field of Doppler flow measurements of 
blood flow and, in particular, discloses a hand-held device, hereinafter called an 
5 "Echoscope" having functionality similar to that of an augmented stethoscope but 
further including visualisation and audiospatialisation capabilities. 

Background of the Invention 

The operational characteristics of blood flow through the body has been an 
important parameter in medical studies for many years. Traditionally, stethoscopes 

10 have been used by medical professionals to listen to blood flows within the body in 
order to determine irregular characteristics. Fiuther, the taking of blood pressure has 
traditionally rehed upon monitoring blood flow utiUsing stethoscope devices to Usten 
to the onset of flows. 

Unfortunately, stand^d stethoscope techniques rely on simple mechanical 

15 transmission of audio infomiation to the ears of a user which provide only limited 
information to the medical speciaUst. It would be desirable to provide for a more 
infomiative system of providing information on blood flows within the body to the 
medical speciaUst. 

Summary of the Invention 

20 It is an object of the present invention to provide for an improved form of 

diagnostic monitoring of blood flows within the body including cardiac blood flow 
measurement. 
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In accordance with a first aspect of the present invention there is provided a 
portable apparatus for conveying blood flow parameters to a user, the apparatus 
comprising: a transducer device for providing for Doppler monitoring of flows within 
a patient; a processing unit interconnected to the transducer unit and adapted to extract 
5 a blood flow signal from the operation of the transducer and process the blood flow 
signal so as to produce a video blood flow signal and an audio blood flow signal; a 
display unit interconnect to the processing unit for visuaUsing the video blood flow 
signal; and at least one audio emission devices interconnected to the processing unit 
for emission of the-audio blood flow signal to the ears of the user. 
10 Preferably, the processing unit and the display unit are packaged as a handheld 

device and the processing imit performs audio spatialisation of the audio blood flow 
signal and the number of audio emission devices is at least two. Preferably, the audio 
spatialisation includes a spatial separation of information in accordance with the depth 
from a transducer element. 
15 In accordance with a first aspect of the present invention there is provided a 

method of transmission of information of blood flow characteristics within a patient, 
the method comprising the steps of (a) providing a Doppler flow signal indicative of 
blood flows within the body, (b) visualising the Doppler flow signal on a display 
device; and (c) simultaneously providing an audio ou^ut to the listener of the Doppler 
20 blood flow signal. 

Preferably the step (c) includes providing an apparent spatialisation of the audio 
ou^ut to the listener. 

The method can also including simultaneously recording the Doppler flow 
signal and related information for later analysis. 
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Brief Description of the Drawings 

The preferred and other emhodiments of the present invention will now be 
described with reference to the accompanying drawings in which: 

Fig. 1 illustrates an operational environment of the preferred embodiment; 
5 Fig. 2 illustrates the processing and display unit of the preferred embodiment; 

Fig. 3 illustrates a transducer device suitable for utilisation with the preferred 
embodiment; 

Fig. 4 illustrates schematically a functional block diagram of tihie hardware 
portions of the preferred embodiment; and 
10 Fig. 5 illustrates a functional block diagram of the software processing of the 

preferred embodiment. 

Description of Preferred and Other Embodiments 

In the preferred embodiment, there is provided a stethoscope substitute, 
hereinafter called an "Echoscope". The Echoscope utilises a continuous wave 
15 Doppler beam to measure and image blood flows within the body. Further, the 

Echoscope also includes auralisation of the resultant measurements so as to provide 
for advanced stethoscope-type activities. Preferably, spatiaUsation of the audio is also 
provided. 

Turning now to Fig: 1, there is illustrated an example of the operational 
20 environment of the preferred embodiment. In this example, a patient 2 is presented in 
a hospital-type environment. The patient 2 has a nxmiber of predetermined monitoring 
devices e.g. 11,12 monitoring his physiological condition. 

The Echoscope device is designed to be utilised by a physician 6 so as to gain 
information about the operation of the internal portions of blood flow within the body 
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of patient 2. The Echoscope device includes an interconnected haad-held transducer 
3, a processing and display unit 4 and a set of headphones 5. The Echoscope is 
designed to utilise continuous wave (CW) Doppler processing techniques so as to 
process an ultrasound signal emitted by a transducer 3 so as to produce corresponding 
5 blood flow indicator information which is displayed on device 4 and aurally output via 
headphones 5, 

Turning now to Fig. 2, there is illustrated an enlarged view of the processing and 
display unit 4. The processing and display unit interacts with ir5)ut/output signals 7 
which are transmitted and received JBrom the transducer device. At the output 8, an 
10 audio signal is ouQ)ut to the headphone devices. The arrangement 4 includes a display 
5 which displays information relating to the signal received by transducer 7. The 
display 5 and audio output is influenced by a series of control buttons e.g. 8 which 
control the information on the display. 

The preferred embodiment utilises continuous wave (CW) Doppler to monitor 
15 the blood flow. The CW Doppler is a non-invasive technique in which ultrasonic 
signals from the transducer element are directed into a blood carrying vessel of a 
patient. Doppler shifts in the reflected signal provide an indication of the rate of blood 
flow. The principles of the CW Doppler flow measurement are lalo^vn. For example. 
Patent Co-operation Treaty (PCT) PubUcation No. W099/66835 entitled "Ultrasonic 
20 Cardiac Output Monitor" describes in more detail an ultrasonic transducer device 

suitable for measuring blood flow using the CW Doppler method. The contents of the 
aforementioned specification are hereby included by cross-reference. 

Turning now to Fig. 3, there is illustrated an enlarged view of one form of the 
transducer element 3. The transduce element 3 includes an ultrasonic transducer 15 
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attached to a positioning device 16 which can be utilised to set ttie position of the 



transducer. Between the transducer 1 5 and a patient's skin 1 7, is placed a gel 



coupling layer 18 for couphng the ultrasonic transducer vibrations to the skin 17. 



Turning now to Fig. 4, there is illustrated a schematic arrangement of the 



5 



functional hardware of the processing and display unit 4. The arrangement of Fig. 4 
illustrates merely one example hardware structure of the processing and display unit 4 



and it will be obvious to those skilled in the field of construction of complex hardware 
devices that other airangements are possible. For example, fully custom applications 
specific integrated circuit (ASIC) technology could be utiUsed to reduce the number of 
10 overall components of the unit 4. In any event, one arrangement can be based around 
a micro-controller 20 which has overall control of the unit 4. The micro-controller 20 
communicates with other devices over a bus 21. Devices attached to the bus include a 
memory imit 22, a DSP unit 23, A to D and D to A converters 24 and a display driver 
25 which interacts with the display 26. The micro-controller 20 is also preferably able 
15 to communicate with a series of other devices via an input/output communication port 
28. The A to D converters 24 are responsible for controlling the transducer device 3 
and headphones 5. The whole system 4 operates tmder the control of micro-controller 
20 wliich runs programs stored in memory 22 with the DSP 23 performing real time 
signal processing operations in the normal manner. 
20 Turning now to Fig. 5, there is illustrated the core overall portions of one 

possible software system of the preferred embodiment, hi this arrangement, the signal 
received from the transducer is extracted 30 and subjected to video and audio 
enhancement processing 3 1, 32. The video enhancement can include standard image 
processing routines to enhance and display the received signal in accordance with 
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extemal control settings. The output signal is then processed for display 34 before 
being output 35. The audio signal is enhanced 32 utilising standard techniques such 
as noise cancelling or the like. Optionally, the output audio signal can also be 
spatialised around a Ustener. The spatialisation process can provide for depth cues of 
5 the audio signal received by the physician. Many different forms of spatialisation can 
be performed from the simple to the complex. In a simple technique, the left and right 
channel outputs can be manipulated in accordance with the depth of the signal 
received so as to produce a panning of the signal from the left ear to the right ear 
depending on the transducer delay monitored. Other methods can include the ftiU 

10 binaualisation of the audio signal so as to spatiaUse portions of the signal around the 
listener. The binauralisation process is well known to those skilled in the art of audio 
digital signal processing and suitable techniques for spatialisation of the audio around 
listener are disclosed in POT publication No. W099/49574 entitled "Audio Signal 
Processing Method and Apparatus", the contents of which are hereby incorporated by 

15 cross-reference. 

The audio signal can then be output 38 to the headphones. 
Many other refinements are possible. For example, the information or signal 
parameters recorded by the physician can be stored for later download in addition to 
the case notes associated with the case. A microphone 40 can be optionally provided 

20 for recording and storing the physicians notes Further, continual audio and video 
enhancements can be made and up^loaded to the system. Also, depending on the 
mode settings of the device, the audio and visual signal processing can be undertaken 
to highlight certain detected anomalous aspects of the received signals. For example, a 
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speed control coidd be provided so that particular portions of tiie audio signal are 
played at half speed etcetera. 

Further modifications, obvious to those skilled in the art of advanced 
hardware/software design and medical instrumentation can be made thereto without 
5 departing from the scope of the present invention. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 

1. A portable apparatus for conveying blood flow parameters to a user, the 

apparatus comprising: 

a transducer device for providing for a Doppler monitoring of flows within a 



a processing unit interconnected to said transducer unit and adapted to extract a 
blood flow signal from the operation of said transducer and process said blood flow 
signal so as to produce a video blood flow signal and an audio blood flow signal; 

a display unit interconnect to said processing unit for visualising the video blood 
10 flow signal; and 

at least one audio emission device interconnected to said processing unit for 
emission of and audible form of said audio blood flow signal to the ears of said user. 
2. An apparatus as claimed in claim 1 wherein said processing imit and said 
display unit are packaged as a handheld device. 
15 3. An apparatus as claimed in any previous claim wherein said processing imit 
performs audio spatialisation of said audio blood flow signal and the number of audio 
emission devices is at least two. 

4. An apparatus as claimed in claim 3 wherein said audio spatialisation includes a 
spatial separation of information in accordance with the depth of the received signal 

20 from a transducer element. 

5. An apparatus as claimed in any previous claim ftulher comprising: 
storage means for storing information associated with subjects on who the 

device is used. 

6. An apparatus as claimed in claim 5 ftirther comprising: 



5 



patient; 
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a microphone for use in recording audio commentary by the user for storage in 
said storage means. 

7. A method of transmission of information of blood flow characteristics within a 
patient, the method comprising the steps of 

5 (a) providing a Doppler flow signal indicative of blood flows within the body, 

(b) visualising the Doppler flow signal on a display device; and 

(c) simultaneously providing an audio output to said listener of the Doppler 
blood flow signal. 

8. A method as claimed in claim 5 wherein said step (c) includes providing an 
10 apparent spatialisation of said audio ou^ut to said listener. 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/012618 



4/5 



4 



10/523051 

CT/AU2003/000946 



DISPLAY 



2S 



D/5PLA Y 
DR/VER 



AlD<^ O/A 




MICRO 
CONTROLLER 



£3. 



COMMUNICAT/ONS 



-^21 



MEMORY 



23 




20 



22 



DIGITAL SIGNAL 
PROCESSOR 




SUBSTITUTE SHEET (RULE 26) 



wo 2004/012618 



20/52305 

PCT/AU2003/000946 



5/5 



EXTRACTION 



VIDEO 

ENHANCEMENT 



VIDEO 
DISPLAY 



■JO 



-31 



VIDEO 
OUTPUT 



"3^ 
35 



( 



32 



AUDIO 




ENHANCEMENT 




r 


AUDIO 




SPATlALieATION 



1 



38 



AUDIO 
OUTPUT 



PIG, 5 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH BEPOST 



0 2 FEB 2005 



Ihtemational application No. 
PCT/AU03/00946 



A. CLASSIFICATION OF SUBJECT MATTER 


Int.CL''- A61B 008/06 








According to International Patent Classification (IPQ or to both national classification and IPC 




B. FIELDS SEARCHED 


Minimum documentation searched (classification system followed by classification symbols) 


Documentation searched other than minimum docimientation to the extent that such dociunents are included in the fields searched 


Electronic data base consulted during the international search (name of data base and» where practicable, search terms used) 

DWPI; IPC A61B 008/06, Keywords: Audio, speaker, headphone, stereo, channel, video, display, monitor, VDU 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, witii indication, where appropriate, of the relevant passages 


Relevant to 
claim No. 


X 


WO 9632888 Al (JONES) 24 October 1996 
See page 4, line 8 - page S, line 20 




1-2, 5, 7-8 


X 


US 5891036 A (ISUMi) 6 April 1999 

See column 1, Ime 44 - colimm 2, line 62; coliuim 4, lines 41-63; figure 1 


1,3-5,7-8 


1 1 Further documents are listed in the continuation of Box C X See patent family annex 


* Special categories of cited documents: 
"A" document defining the general state of the art T" 
which is not considered to be of particular 
relevance 

"E" earlier application or patent but published on or "X" 
after the international filing date 

"L" document which may throw doubts on priority " Y" 

claim(s) or which is cited to establish tiie 

publication date of another citation or other special 
* reason (as specified) 
"O" document refening to an oral disclosure, use, "A" 

exhibition or other means 
"?•* document published prior to the international filing 

date but later than the priority date claimed 


later document published after the int^mtional filing date or priority date 
and not in conflict with the application biit cited to understand tiie principle 
or theory imderlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step v^en tiie document is combined 
with one or more o&er such documents, such combination being obvious to 
a person skilled in the art 
document member of the same patent family 


Date of the actual conq>letion of the international search 
12 September 2003 


Date of mailing of the international search report 


Name and mailing address of the IS A/AU 

AUSTRALIAN PATENT OITICE 
PO BOX 200, WODEN ACTT 2606, AUSTRALIA 
E-mail address: pct@ipaustraIia.gov.au 
Facsimile No. (02)6285 3929 


Authorized officer 

Jagdish BokU 

Telephone No : (02) 6283 2371 



Form PCT/ISA/210 (second sheet) (July 1998) 




INTERNATIONAL SEARCH REPORT 


International plication No. 


Infonnation on patent fiunily members 


PCT/AU03/00946 



This Annex lists the known "A" publication level patent faniily members relating to the patent documents cited in the 
above-mentioned intemational search report. The Australian Patent Office is in no way liable for these particulars 
which are merely given for the purpose of information. 



Patent Document Cited in 
Search Report 






Patent Family Member 




WO 9632888 


US 


5640960 






US 5891036 


DE 


19739978 


JP 10080424 




END OF ANNEX 



Fonn PCT/ISA/210 (citation femily annex) (July 1998) 



